The aim was to determine whether outcome of unrelated donor transplantation for severe aplastic anemia has improved in recent years and whether this is due to patient selection or better transplant technology. We analyzed 498 patients transplanted during 1990-2005. By running univariate regression models dichotomizing year of transplantation we defined 1998 as the year of the most significant change in survival. Five-year survival increased from 3278% before 1998 to 5778% after 1998 (Po0.0001). When comparing the cohort before (n ¼ 149) and after 1998 (n ¼ 349), there were no differences except for older age, and more frequent use of PBSCs, after 1998. High-resolution HLA typing data were unavailable. After 1998, there was less graft failure (11 vs 26%, Po0.0001), less acute GvHD (cumulative incidence 28 vs 37%, P ¼ 0.02) and less chronic GvHD (22 vs 38%, P ¼ 0.004). In multivariate analyses adjusting for differences in age, HLA-mismatch, performance score and time to transplantation, there was no change in the year of transplant effect (relative risk of death in transplants after 1998: 0.44 (95% confidence interval 0.33-0.59)). There is no evidence for patient selection to explain significantly improved survival in patients transplanted after 1998. We speculate that this is due to better donor matching.
Introduction
BMT from an HLA-identical sibling is an established treatment for young patients with acquired severe aplastic anemia (SAA). [1] [2] [3] [4] [5] For patients without an HLA-matched related donor, immunosuppressive treatment with antithymocyte globulin and cyclosporine is an alternative. [6] [7] [8] [9] Both treatment modalities may result in prolonged disease-free survival. Younger patients with severe neutropenia have better outcomes using an up-front transplant strategy. 8 For patients failing immunosuppressive therapy with a suitable alternative donor, referral for transplantation should be considered. 10 Successful transplantation with donors other than HLA-identical relatives has been reported for many years. [11] [12] [13] [14] [15] [16] [17] Probabilities of long-term survival after unrelated donor transplantation of SAA in earlier studies ranged from 29 to 50%. [17] [18] [19] [20] In the past, unrelated donor transplantation has generally been recommended for younger patients, and only after they have failed at least two courses of immunosuppressive treatment.
Because of an impression of improved outcome in more recently transplanted patients with unrelated donors, we wished to address the following questions: (1) whether such an improvement could be confirmed by analyzing a large number of patients; (2) the best time point defining this change; (3) how cohorts before and after this time point were compared; and (4) whether explanatory factors relating to patient selection or transplant technology were associated with this improvement.
Patients and methods
The European Group for Blood and Marrow Transplantation is a voluntary working group of more than 450 transplant centers allowing scientists and physicians involved in BMT to share experience and develop cooperative studies. Participating centers are required to report a minimal data set, to provide yearly follow-up on all consecutive transplants and are also encouraged to report a more complete data set. For this study, we considered all patients (that is, those with complete information and those with minimal essential data only) receiving an unrelated donor transplant for acquired SAA between 1990 and 2005 reported by 142 transplant teams. The median number of patients per team was 2, with a range of 1-27. Median follow-up of surviving patients was 86 (15-152) months in patients transplanted in 1990-1998 and 13 (3-83) months in patients transplanted after 1998. This study included 498 patients. To analyze whether improvement in outcome had occurred and at what point of time, we ran repeated univariate proportional hazard regression models dichotomizing year of transplantation between recent and older transplants. We found that cohorts transplanted before and after 1998 (1 January) most significantly differed in outcome. Five-year survival (795% confidence interval) increased from 3278% for patients transplanted before 1998 to 5778% for those transplanted after 1998 (Po0.0001).
There were 149 patients (gender: 89 (58%) male; median age: 16.9 years (range: 1-48)) transplanted before 1998 and 349 patients (gender: 202 (58%) male; median age: 18.6 years (1-65)) transplanted after 1998 (P ¼ 0.54 for gender and P ¼ 0.08 for age). Comparison of patients transplanted before and after 1998 is shown in Table 1 .
The cohorts did not differ in age, gender, performance score, time interval between diagnosis and transplantation, donor age or HLA matching based on serology for class I and low-resolution DNA testing for class II. HLA highresolution typing data were available for only a small minority of patients and this information was therefore not used. The cohorts differed in the source of stem cells (more peripheral blood after 1998) and in some conditioning regimens (more use of fludarabine and less TBI after 1998). Younger patients had a shorter waiting time until transplantation than older patients irrespective of the year of transplant. The proportion of patients with missing information on important variables is shown in Table 1 .
There was no precise information on the proportion of patients failing immunosuppressive treatment prior to unrelated donor transplantation. Information was available for half of the patients but the database did not allow us to separate those without treatment from those with missing information. The median time interval between diagnosis and transplantation was 14 months for both groups, that is, those with prior immunosuppressive treatment and those with missing information, and it is likely that the majority of patients had failed at least one course immunosuppressive treatment.
Outcomes analyzed were overall survival, graft failure, acute and chronic GvHD. Acute GvHD was defined as grade II-IV, and patients with 420 days survival being at risk. Chronic GvHD was defined as any grade of chronic GvHD (limited and extensive) in patients surviving 4100 days. Graft failure was defined as either primary nonengraftment or secondary graft failure. Patients were compared using the w 2 test for categorical variables and the Mann-Whitney U-test for continuous variables. Cumulative incidence was used for acute GvHD, and the Kaplan-Meier estimator for overall survival. The proportion of patients with graft failure and with chronic GvHD were compared. To find causes for the improvement in survival, we compared a univariate Cox regression model Unrelated donor transplantation for aplastic anemia R Viollier et al with year of transplant (dichotomizing before and after 1998) to a full model with all other covariates after selecting significant covariates by a forward stepwise selection procedure.
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Results Figure 1 shows the survival curves of patients transplanted before and after 1998. Five-year survival was 32% (78%) in the early and 57% (78%), P ¼ 0.0001 in the late cohort. Survival probabilities also differed in patients receiving HLA low-resolution matched (n ¼ 401) vs mismatched (n ¼ 97) transplants, being 52% (76%) in the matched group vs 34% (714%) in the mismatched group (P ¼ 0.005). Improvement in survival was associated with less graft failure (primary and secondary), less acute GvHD ( Figure 2 ) and less chronic GvHD in patients transplanted after 1998 as compared to patients transplanted before 1998 ( Table 2) . Patients transplanted after 1998 had about half the risk of death (relative risk 0.47 (95% confidence interval 0.36-0.63), Po0.0001) as compared to those transplanted before 1998 using a univariate proportional hazards regression model (Table 3 ). In the full model adjusting for significant covariates such as age, performance score and donorrecipient match, there was no change in the estimate of the (Table 3) . As waiting time between diagnosis and transplantation was potentially the most important confounding variable, this variable was forced into the model even though its effect was not significantly associated with outcome. Other covariates such as stem cell source, donor-recipient sex-matching, conditioning regimen and GvHD prophylaxis, were not significantly associated with risk of death. Table 4 shows causes of death. There were no significant differences, but graft failure and infections were less frequently the cause of death in the more recent cohort.
Discussion
This study of a large series of patients receiving unrelated donor transplants for SAA shows that long-term survival has improved considerably since the late 1990s. This improvement is associated with less graft failure and less acute and chronic GvHD, which are important drivers of mortality. The reasons for this improvement are not clear and are not explained by the statistical models presented here. As year of transplantation does not carry any biological relevance, any improvement over time must be due either to changes in patient selection or improved transplant technology. Any variable representing these changes is expected to be more strongly associated with outcome than is year of transplantation, as changes over time are not implemented uniformly across many different countries. We have not found any obvious changes in patient selection. The factors significantly associated with outcomes in studies published previously such as patient age and waiting time between diagnosis and transplantation were, if anything, worse in the more recent cohort. We lacked data on the variables most likely to be associated with these changes, namely, high-resolution HLA typing data and, possibly, treatment of infectious complications by new antifungal and antiviral drugs. The association of improved outcome with improvement in HLA-typing technology is plausible but entirely speculative. This study has several limitations. It is retrospective, and data were lacking on some aspects of transplant technology such as conditioning regimen and GvHD prophylaxis in a substantial number of patients. These variables did not appear to impact significantly on outcome, whether analyzed in all patients, or in the restricted data set of patients with full information. On some of the outcome variables such as chronic GvHD and graft failure, we lacked time to event information in a large proportion of patients. These outcomes were therefore compared as proportions rather than incidence, and therefore require cautious interpretation. We decided to keep all 498 patients in the analysis as they represent the entire European observational database without any selection, reflecting current practice.
Improvement in the late 1990s is in concordance with technological advances in HLA-typing technology. As compared to matching for six alleles by low or intermediate resolution, many centers nowadays match for 10 alleles by high-resolution technology. 23, 24 Another factor may be the increasing size of the donor registries with currently 11 million donors to choose from, a pool that was smaller in the 1990s. The number of unrelated donor transplants per year since 1998 has increased as well, probably reflecting the expectation of better outcome with the availability of better typing technology. During the same time period, there was a much smaller improvement in outcome for recipients of HLA-identical sibling transplants (n ¼ 2052; 5-year survival 7473 and 7773%; P ¼ 0.03 for the time periods 1990-1998 and 1998-2005), thus lending support to the hypothesis that most of the improvement in unrelated donor transplantation is due to better donor matching. This is further corroborated by a recently published French study of 89 patients, showing improved survival to be associated with high-resolution HLA matching. 25 Other studies have reported outcome in patients with SAA transplanted from donors other than HLA-identical siblings using registry data, with survival probabilities of approximately 35%. 11 Some series have reported better results, 19, [26] [27] [28] [29] [30] [31] [32] for example, in a recent Japanese study of 154 patients showing overall survival of 56%. 26 Donorrecipient HLA disparity was determined using highresolution techniques, but donor-recipient compatibility was not a significant factor in this study. However, it is likely that mismatches will have an adverse effect on post-transplant survival in less homogenous populations. 10, 23, 25, 29, 30 We are not able to address the question of which transplant technology results in best outcomes. We have not found any impact of pretransplant conditioning or GvHD prophylaxis, but our ability to detect differences is limited due to missing data. Some smaller series have reported interesting results using low-dose TBI 29 or fludarabine, 31 but this requires validation in larger studies.
We found a highly significant improvement in survival in patients transplanted after 1998 as compared to earlier transplants. There is no evidence for differences in patient selection. The most likely explanation for this improvement is progress in donor selection through high-resolution HLA typing technology, and possibly, improved infection control. The currently used algorithms of when to initiate an unrelated donor search in SAA patients need to be revised in the light of these data. 
